
Lqwhqvh Lrq Ehdp Sursdjdwlrq lq d Uhdfwru

Vl}hg Fkdpehu

M10O1 Yd|
OEQO/ Ehunhoh|/ FD/ XVD

F1 Ghxwvfk
OSJS/ Xqlyhuvlwì Sdulv [L/ <4738 RUVD\/ Iudqfh

Dxjxvw 5;/ 5333

Devwudfw

Zh frqvlghu wkh sk|vlfv ri wkh edoolvwlf wudqvsruw ri lqwhqvh lrq ehdpv

lq d khdy| lrq ixvlrq uhdfwru fkdpehu �oohg zlwk orz suhvvxuh IOLEH jdv1

Zh frqvlghu �uvw d vlqjoh ehdp hqyhorsh prgho dqg vkrz yld d vlpsoh

fdvh wkdw hplwwdqfh jurzwk lv dq lvvxh lq wkh fkdpehu dv zhoo dv lq wkh

dffhohudwru1 Zh ghyhors d prgho iru wkh qhxwudol}dwlrq ri ehdp vsdfh0

fkdujh e| wkh hohfwurqv surgxfhg e| jdv lrql}dwlrq e| wkh ehdp dqg ghulyh

dq h{suhvvlrq iru wkh hyroxwlrq ri wkh qhxwudol}dwlrq idfwru dv wkh ehdp

sursdjdwhv lqwr wkh fkdpehu1 Zh wkhq h{whqg wkh hqyhorsh prgho iurp d

rqh vshflhv ehdp wr d ehdp ri lrqv ri vhyhudo fkdujh vwdwhv e| frqvlghulqj

wkh hqwluh ehdp dv d vhw ri vxeehdpv +rqh iru hdfk fkdujh vwdwh, hdfk

ghvfulehg zlwk frxsohg hqyhorsh htxdwlrq1 Wkh ixoo| hohfwurpdjqhwlf SLF

frgh ESLF zdv xvhg wr lqyhvwljdwh wkh ehkdylru lq juhdwhu ghwdlo1 D

sdudphwulf vwxg| ri wkh vhqvlwlylw| ri wkh �qdo vsrw udglxv dw wkh wdujhw

yhuvxv wkh lrq ehdp vwulsslqj dqg jdv lrql}dwlrq furvv0vhfwlrqv +zklfk duh

fkdudfwhul}hg e| odujh xqfhuwdlqwlhv, vkrzv wkdw/ lq wkh vwxglhg uhjlph

+K|olih0LL sdudphwhuv,/ wkh dffhvvleoh zlqgrz ri furvv0vhfwlrqv iru edoolvwlf

wudqvsruw lq wkh fkdpehu wkurxjk qhxwudo IOLEH jdv lv hyhqwxdoo| vpdoo1

Wkh whpshudwxuh hyroxwlrq iru hdfk vshflhv dqg wkh hplwwdqfh jurzwk iru

wkh hqwluh lrq ehdp zdv vwxglhg iru d w|slfdo vfhqdulr dqg lqglfdwhv wkdw

d idlu dprxqw ri wkh lqlwldo hohfwulf srwhqwldo hqhuj| fduulhg e| wkh ehdp
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dv lw hqwhuv wkh fkdpehu lv frqyhuwhg lqwr whpshudwxuh dqg wudqvyhuvh

hplwwdqfh1 Wkh kljk whpshudwxuh ri wkh lrql}dwlrq0surgxfhg hohfwurqv

suhyhqwv d ixoo fkdujh qhxwudol}dwlrq ri wkh lrq ehdp dv lw dssurdfkhv wkh

wdujhw1 Lw lv vkrzq wkdw irfxvlqj d ehdp duud| ru suh0lrql}lqj d iudfwlrq

ri wkh edfnjurxqg jdv pd| khos lq uhgxflqj wkh irfdo vsrw1

Nh|zrugv= Khdy| Lrq Ixvlrq/ Lqwhqvh Lrq Ehdpv/ Uhdfwlrq Fkdpehu1

S1D1F1V1 Qxpehuv= 5;183 Uh/ 741:8 Dn/ 741;3 Jj/ 5<15: Eg

4 Lqwurgxfwlrq

Zh lqyhvwljdwh wkh ehdp edoolvwlf wudqvsruw lq d KLI ixvlrq fkdpehu xvlqj wkuhh

ohyhov ri ghvfulswlrq= vlqjoh hqyhorsh prgho/ pxowl0hqyhorsh prgho dqg Sduwlfoh0

Lq0Fhoo +SLF, prgho1 Zkloh wkh SLF prgho jlyhv d ghwdlohg dqg dffxudwh gh0

vfulswlrq/ wkh hqyhorsh prghov surylgh vlpsol�hg *lghdo* fdvhv wr zklfk wkh SLF

prgho uhvxowv fdq eh frpsduhg/ kljkoljkwlqj wkh lpsruwdqfh ri ydulrxv h�hfwv1

Hvshfldoo|/ wkh lpsruwdqfh ri hplwwdqfh jurzwk gxulqj fkdpehu wudqvsruw lv

jlyhq khuh d vshfl�f dwwhqwlrq1 Wkh hqyhorsh prghov duh *volfh* prghov e| qd0

wxuh zkloh wkh SLF prgho fdq ghvfuleh wkh hqwluh vsdfh1 Wkh h{shulhqfh dftxluhg

zlwk wkh hqyhorsh prghov zdv xvhg wr ghyhors d volfh SLF ghvfulswlrq1 Vxfk d gh0

vfulswlrq pd| hvshfldoo| eh xvhixo iru ehdp duud| fkdpehu wudqvsruw vlpxodwlrq

dqg dq h{dpsoh lv jlyhq1

5 Prgholqj wrrov

� Vlqjoh hqyhorsh prgho= EHQY

Qhjohfwlqj wkh ghwdlov ri hyhu| sduwlfoh wudmhfwru| lq wkh lrq ehdp/ zh xvh

wkh hqyhorsh htxdwlrq
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zkhuh U lv wkh rxwhu ehdp udglxv/ % lv wkh ehdp hplwwdqfh/ } lv wkh ehdp fhqwhu

orfdwlrq lq wkh oderudwru| iudph/ N lv wkh jhqhudol}hg shuyhdqfh zkhuh zh kdyh

dvvxphg d frprylqj qhxwudol}lqj hohfwurq ehdp wkurxjk wkh qhxwudol}lqj idfwru

i/ ] lv wkh ehdp lrq phdq fkdujh +dyhudjhg ryhu doo srvvleoh fkdujh vwdwhv,/ L lv

wkh lrq ehdp fxuuhqw dqg p � lv wkh ehdp lrq uhvw pdvv1

� Qhxwudol}dwlrq idfwru prgho

Zkhq wkh lrq ehdp  rzv wkurxjk wkh edfnjurxqg jdv/ wkh odwwhu h{shulhqfhv

lrql}dwlrq ri sduw ri lwv lqlwldo prohfxohv1 Wkh uhvxowlqj srvlwlyh fkdujhv ohdyh wkh

ehdp wudmhfwru| +lq rxu fdvh orqjlwxglqdoo|, dqg wkh qhjdwlyh rqhv jhw wudsshg

e| lw xqwlo fkdujh qhxwudol}dwlrq lv frpsohwh1 Lq ^4` +Ht1 +715<6,/ s15:<,/ wkh

qhxwudol}dwlrq idfwru lv jlyhq e| i @ 4� h{s +�q � � ��� �fw, > w � 3 zkhuh w lv wkh

wlph/ q � lv wkh edfnjurxqg jdv ghqvlw| dqg � ��� lv wkh edfnjurxqg jdv lrql}dwlrq

+iurp froolvlrq zlwk d ehdp lrq, furvv0vhfwlrq1 Wklv h{suhvvlrq zdv hvwdeolvkhg

dvvxplqj wkdw doo wkh qhxwudol}lqj hohfwurqv duh dydlodeoh iru qhxwudol}dwlrq dv

vrrq dv wkhlu duh fuhdwhg e| lrql}dwlrq ri wkh edfnjurxqg jdv prohfxohv1 Wklv lv

qrw wuxh lq rxu fdvh zkhuh dq hohfwurq lv dydlodeoh iru qhxwudol}dwlrq rqo| zkhq

wkh fruuhvsrqglqj lrq ri EhI
�
� ru OlI

�
fuhdwhg iurp jdv prohfxoh lrql}dwlrqv

kdv ohiw wkh ehdp orqjlwxglqdoo| +wkh ehdp vsdfh0fkdujh lv wrr zhdn wr h{sho

wkhp udgldoo| lq wkh wlph ri frqvlghudwlrq,1 Wklv ohdgv wr d uhwdugdwlrq whup �

lq wkh irupxod zklfk lv wkhq jlyhq e| i @ 4� h{s +�q � � ��� �f ^w� � `, > w � 3 zlwk

� @ +4� h{s ^��fw@o 	 `, o 	 @�f zkhuh o 	 lv wkh ehdp ohqjwk1
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� Pxowl0hqyhorsh prgho= EPHQY

Lq rughu wr jhw d gluhfw sk|vlfdo lqvljkw lqwr wkh fkdujh vwdwh ghshqghqfh ri

lrq ehdp irfxvlqj/ zh frqvlghu d vhsdudwh hqyhorsh htxdwlrq iru hyhu| lrq ehdp

fkdujh vwdwh +dw zklfk lv dvvrfldwhg d frprylqj qhxwudol}lqj hohfwurq ehdp,1

Wkxv/ wkh hqwluh lrq ehdp dsshduv dv d vxshusrvlwlrq ri vhyhudo frd{ldo vxe0

ehdpv1 Wkh srsxodwlrq Q � ri wkh l
���

ehdp +fkdujh vwdwh l, hyroyhv lq wlph

dffruglqj wr

gQ �

gw
@ ^Q ����� � �	� +l� 4$ l,�Q 
 � ��� +l$ l. 4,`q � �f

lq whupv ri Ioleh jdv ghqvlw| q � / uhodwlyh ehdp0jdv yhorflw| �f dqg furvv0vhfwlrqv

�  � +l$l.4, zklfk dffrxqw iru wkh vwulsslqj ri fkdujh vwdwh l lrqv wkurxjk frool0

vlrqv zlwk wkh uhvlgxdo jdv1 Wkhq/ d jlyhq ehdp ri fkdujh vwdwh l pd| eh jlyhq

wkh hqyhorsh htxdwlrq +jlyhq khuh lq wkh ehdp iudph,
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vxp ri doo hohfwurvwdwlf �hogv dfwlqj xsrq vxeehdp l1 Iru hdfk m wkhuh lv dq

dvvrfldwhg ehdp ri lrqv ri fkdujh vwdwh m soxv wkh hohfwurqv surgxfhg iurp ehdp

vwulsslqj +�uvw whup lq wkh vtxduhg eudfnhw,1 Ehfdxvh wkhvh hohfwurqv duh h{0

shfwhg hlwkhu wr vwd| zlwk wkh ehdp ru wr eh uhsodfhg e| hohfwurqv lvvxhg iurp
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jdv lrql}dwlrq/ wkh| duh wdnhq lqwr dffrxqw gluhfwo| lqwr wkh �uvw whup zkhuh zh

frqvlghu wkh wrwdo fkdujh wr eh +mh,1Q� +frqwulexwlrq iurp wkh lrqv vwulsshg wr wkh

.m fkdujh vwdwh, . +m04,1+0h,1Q � +frqwulexwlrq iurp wkh hohfwurqv uhvxowlqj iurp

wkhvh vwulsslqj, @ h1Q� 1 Dgglwlrqdoo|/ d vxeehdp ri udglxv U � � wudqvsruwlqj Q � �

qhxwudol}lqj hohfwurqv +vhfrqg whup lq wkh vtxduhg eudfnhw, surgxfhg iurp wkh

edfnjurxqg jdv lrql}dwlrq dffrpsdqlhv hdfk lrq vxeehdp m1 Hyhu| vxeehdp lv

jlyhq wkh vdph ohqjwk o � 1 Iru hdfk m/ wkh w0ghshqghqw qhxwudol}dwlrq idfwru uhdgv

dv i� +w, @ 4� h{s +�q � �
�
� +m,�f ^w� � `, zlwk � @ +4� h{s ^��fw@o � `, o � @�f dqg

wkh fruuhvsrqglqj qxpehu ri qhxwudol}lqj hohfwurqv Q � � iru hdfk vxeehdp m lv

wkhq jlyhq e|Q � � +w, @ Q� +w,�i � +w,zlwk �
�
� +l,/ Ioleh jdv lrql}dwlrq furvv vhfwlrq

e| ehdp lrqv zlwk fkdujh vwdwh l1 Zh wdnh U � � @pd{+U� /U ����� � , zkhuh U ����� � lv

dq duelwudu| plqlpxp udglxv dffrxqwlqj iru wkh kljk prelolw| ri hohfwurqv qhdu

plqlpxp irfxvlqj1

� Sduwlfoh0Lq0Fhoo prgholqj= ESLF

D ixoo vhoi0frqvlvwhqw dqg ghwdlohg ghvfulswlrq ri wkh sureohp fdoov iru d

Sduwlfoh0Lq0Fhoo prgholqj dqg zh kdyh xvhg iru wkdw sxusrvh wkh sduwlfoh frgh

ESLF ^5`1 ESLF lv dq hohfwurpdjqhwlf Sduwlfoh0Lq0Fhoo frgh xvlqj wkh Prqwh0

Fduor0Froolvlrq dojrulwkp wr prgho wkh jdv lrql}dwlrq e| wkh ehdp lrqv dqg wkh

ehdp vwulsslqj1 Lw doorzv wr shuirup wkh fdofxodwlrqv hlwkhu lq 6G +Fduwhvldq

[\],/ 5G +Fduwhvldq [\/ d{lv|pphwulf U], ru 4G +Fduwhvldq [/ d{lv|pphw0

ulf U,1 Lq wklv sdshu/ zh zloo suhvhqw fdofxodwlrqv shuiruphg zlwk wkh U]/ [\

dqg U jhrphwulhv1 Lq wkh [\ dqg U jhrphwulhv/ rqo| d volfh ri wkh ehdp lv

prghohg1 Lq wkhvh volfh prghv/ wkh wuhdwphqw ri ehdp qhxwudol}dwlrq uhtxluhv

d wlph0ghshqgdqw hvwlpdwlrq ri wkh qxpehu ri qhxwudol}lqj hohfwurqv fuhdwhg
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lq wkh vlpxodwhg duhd dw hdfk wlph vwhs1 Iru wklv/ zh wdnh wkh prgho ghyho0

rshg suhylrxvo| iru wkh qhxwudol}dwlrq idfwru dv dssolhg lq EPHQY jlylqj wkh

qxpehu ri qhxwudol}lqj hohfwurqv vxpphg ryhu doo wkh ehdp lrq fkdujh vwdwhv

Q � +w, @
S

� Q � � +w, @
S

� Q � +w, � i� +w,1 Wkh srvlwlrq ri hdfk qhz qhxwudol}lqj

hohfwurq fuhdwhg dw hdfk wlph vwhs lv udqgrpo| fuhdwhg lqvlgh wkh lrq ehdp1

ESLF fdofxodwlrqv lq volfh prgh +U ru [\ jhrphwu|, r�huv d uhgxfhg prgho

frpsduhg wr fdofxodwlrqv lq U] +ru [\], jhrphwu|/ |hw pruh ghwdlohg dqg vhoi0

frqvlvwhqw wkdq zlwk wkh EPHQY prgho1 Wkh lqwhuhvw ri wkh [\ prgh lv wr

doorz ehdp duud| prgholqj dw d orzhu frpsxwdwlrqdo frvw wkdq d ixoo wkuhh0

glphqvlrqdo fdofxodwlrq1

6 Uhvxowv

Lq doo wkh fdofxodwlrqv/ zh kdyh xvhg wkh sdudphwhuv ri wkh K|olih0LL srzhu sodqw

+]@4/ L@79;;D/ p � @543dpx/ �@316,/ dvvxphg % �44�pp1pudg/ dq lqlwldo

udglxv U � @815fp dqg d irfxvlqj ohqjwk O@U � 2+gU2g], � @519p1

� xvlqj wkh vlqjoh hqyhorsh frgh EHQY

Wr ehwwhu xqghuvwdqg wkh h�hfw ri Ioleh iru fkdpehu wudqvsruw/ zh �uvw

frpsxwh wkh irfdo vsrw udglxv dvvxplqj qr Ioleh1 Xvlqj EHQY/ zh frpsxwhg

wkh plqlpxp udglxv ri irfxvlqj U ����� gxh wr= shuyhdqfh rqo| +%@3,,U ���	� �

3=:pp/ hplwwdqfh rqo| +i@4,,U ����� � 4=;pp/ erwk h�hfwv +% 9@3/i@3,,U ���	�

� 6=4pp1 Zh revhuyh wkdw prvw ri wkh plqlpxp udglxv lv gxh wr wkh hplwwdqfh1

Zkdw kdsshq li wkh ehdp hplwwdqfh lv qrw suhvhuyhg lq wkh fkdpehuB Li zh

dvvxph d olqhdu surjuhvvlrq ri wkh hplwwdqfh iurp % �44�pp1pudg dw }@3 wr

% �55�pp1pudg dw }@O dqg wkhq d vwdelol}dwlrq rqwr d sodwhdx/ zh �qg U ���	�
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gxh wr= hplwwdqfh rqo| +i@4,,U ����� � 6=7pp/ erwk h�hfwv +% 9@3/i@3,,U ���	�

� 8=4pp1 Wklv vkrzv wkdw wkh hplwwdqfh kdv dovr wr eh suhvhuyhg lq wkh fkdpehu

dv pxfk dv srvvleoh/ hyhq dvvxplqj frpsohwh qhxwudol}dwlrq ri wkh ehdp vsdfh0

fkdujh1

� sdudphwulf vwxg| ydu|lqj furvv0vhfwlrqv

Ehfdxvh wkh frqvlghuhg furvv0vhfwlrqv ydoxhv duh vwloo frqwuryhuvldo/ zh pdgh

d sdudphwulf vwxg| ri wkh irfdo vsrw udglxv yhuvxv wkh ehdp vwulsslqj dqg jdv

lrql}dwlrq furvv0vhfwlrqv1 Zh frqvlghuhg �yh vhulhv ri vwulsslqj furvv0vhfwlrqv

� +ehdp vwulsslqj, � � ��� @q ��� �
�
��� 143

���
	
p

�
zlwk q ��� @3/ 4/ 5/ 6/ 7 dqg vl{ vhulhv ri

jdv lrql}dwlrq furvv0vhfwlrqv � +jdv lrql}dwlrq, � � �� @q �� �
�
�� 143

���
	
zlwk q �� @3/

4/ 5/ 6/ 7/ 8>zkhuh �
�
��� dqg �

�
�� duh jlyhq ydu|lqj zlwk wkh surmhfwloh fkdujh

vwdwh e| �
�
��� @+41/ 31998/ 31668/ 3145/ 3139/ 3136/ 31348/ 3133:/ 313368/ 31334;, dqg

�
�
�� @+41/ 4155/ 417</ 41;5/ 5154/ 5198/ 6148/ 61:4/ 7166/ 8133,= Pruh lqirupdwlrq rq

wkhvh furvv0vhfwlrqv duh jlyhq lq ^6`1

Xvlqj wkh pxowl0hqyhorsh frgh EPHQY zlwk U ����� � @3 dqg d frqvwdqw hplw0

wdqfh % @44�pp1pudg/ zh rewdlqhg wkh irfdo vsrw udglxv frqwdlqlqj <8( ri

wkh sduwlfohv lq ixqfwlrq ri wkh jdv lrql}dwlrq dqg ehdp vwulsslqj furvv0vhfwlrqv

sorwwhg rq Ilj141d,1

Wkh vdph h{huflvh +irfdo vsrw udglxv yhuvxv furvv0vhfwlrqv, kdv ehhq grqh

zlwk wkh sduwlfoh frgh ESLF lq U] prgh1 Iru vlpsolflw|/ wkh Ioleh zdv uh0

gxfhg lq wkh vlpxodwlrqv wr lwv pdlq frpsrqhqw EhI � zklfk frqvwlwxwhv <3(

ri lw +wkh 43( ri OlI zdv uhsodfhg e| EhI � ,1 Wkh uhvxowv duh glvsod|hg rq

Ilj141e,1 Zh revhuyh wkdw EPHQY suhglfwv d vpdoohu irfdo vsrw wkdq ESLF

iru � +jdv lrql}dwlrq, odujhu wkdq 319-43
�����

fp
�
1 E| ghidxow/ EPHQY dvvxphv

:



d frqvwdqw hplwwdqfh dqg dvvxphv wkdw wkh qhxwudol}lqj hohfwurq vxeehdp udgll

htxdo wkh lrq vxeehdp udgll1 Dv lw zloo eh vkrzq lq wkh UPV gdwd uhvxowv/ wkh

hplwwdqfh grhv qrw vwd| frqvwdqw gxulqj fkdpehu sursdjdwlrq1 Dovr/ iru q ��� @7

dqg q �� @8/ zh sorwwhg rq Ilj141f, d vqdsvkrw ri wkh <8( hqyhorshv iru wkh lrq

ehdp/ wkh hohfwurq srsxodwlrq dqg wkh Ioleh lrqv zkhq derxw rqh wklug ri wkh

lrq ehdp kdv sdvvhg eh|rqg wkh wdujhw srvlwlrq1 Zkloh wkh jdv lrqv odj ehklqg

wkh ehdp/ frq�uplqj wkdw wkh| hvfdsh wkh ehdp orqjlwxglqdoo|/ lw lv fohdu wkdw

wkh hohfwurqv duh yhu| preloh dqg h{sdqg idu dzd| iurp wkh lrq ehdp1

Wklv prwlydwhg xv wr pdnh dqrwkhu vhulhv ri uxqv zlwk EPHQY frqvlghu0

lqj U ��� � � @41fp dqg %@44�pp1pudg iru w?:qv dqg wkhq d udps jrlqj iurp

44�pp1pudg wr +4.418-+q ��� 04,28,-44�pp1pudg ehwzhhq w@:qv wr w@63qv +wkh

fkrlfh ri wkh udps vhhpv duelwudu| exw zloo ehfrph fohdu iurp wkh UPV gdwd

ESLF uhvxowv,1 Wkh uhvxow lv glvsod|hg rq Ilj141g,1 Zh qrwh wkdw wkh rewdlqhg

uhvxowv duh wkhq yhu| forvh wr wkh rqhv rewdlqhg zlwk ESLF1

Wkhvh uhvxowv vkrz wkdw iru d jlyhq ydoxh ri wkh ehdp vwulsslqj furvv0vhfwlrq/

wkhuh lv d sodwhdx dv wkh jdv lrql}dwlrq furvv0vhfwlrq lqfuhdvhv1 Wklv phdqv

wkdw/ dowkrxjk pruh qhxwudol}lqj hohfwurqv duh surylghg iru kljk ydoxhv ri jdv

lrql}dwlrq furvv0vhfwlrq/ hohfwurqv whpshudwxuh dqg lrq ehdp hplwwdqfh jurzwk

vhhp wr suhyhqw wkh ehdp iurp frqyhujlqj wr d vpdoohu irfdo vsrw1

� UPV gdwd

Wkh UPV gdwd surylgh dgglwlrqdo ghwdlov1 Rq Ilj1 51d,e,f,/ zh glvsod| wkh

wlph klvwru| ri wkh ehdp UPV udglxv +hqwluh ehdp dw �{hg wlph,/ wkh ehdp

hplwwdqfh +dyhudjh ri ehdp volfhv dw �{hg wlph, dqg wkh ehdp lrqv whpshudwxuh

+dyhudjh ri ehdp fhoov dw �{hg wlph, iru wkh q ��� @7 dqg q ��� @8 fdvh +odehohg dv

;



*Ioleh*, dqg dovr lq wkh fdvh ri ydfxxp wudqvsruw zlwk shuyhdqfh +fdvh *ydf0

xxp*, ru qrw +fdvh *ydfxxp/ qr shuyhdqfh*,1 Zh revhuyh wkdw wkh sursdjdwlrq

wkurxjk Ioleh surgxfhv d idlu dprxqw ri hplwwdqfh jurzwk zlwk whpshudwxuh

jdlq frpsduhg wr wkh rwkhu fdvhv/ uhvxowlqj lq d odujhu plqlpxp UPV udglxv1

Wkh edfnjurxqg jdv hohfwurqv whpshudwxuh +dyhudjh ri srsxodwlrq fhoov dw �{hg

wlph, klvwru| lv glvsod|hg rq Ilj151g,1 Wkhuh lv d �uvw ulvh wr d sodwhdx dwwulexwhg

wr dffhohudwlrq lqwr wkh hohfwurvwdwlf ehdp �hog iroorzhg e| d shdn frlqflglqj

zlwk wkh ehdp lrq whpshudwxuh rqh1 Wklv hohfwurq whpshudwxuh ulvh h{sodlqv

wkh slfwxuh ghvfulehg suhylrxvo| ri hohfwurqv wudyholqj vrphzkdw idu dzd| ri wkh

ehdp dqg qhxwudol}lqj rqo| sduwldoo| lwv vsdfh0fkdujh1

Wkhvh uhvxowv fdq eh xqghuvwrrg li zh uhpdun wkdw wkh lrq ehdp fduulhv

dw wkh fkdpehu hqwudqfh d iruplgdeoh dprxqw ri hohfwurvwdwlf hqhuj| ri derxw

9;143
�

WhY/ fruuhvsrqglqj wr dq dyhudjh ri derxw 766nhY shu ehdp lrq1 Li wkh

ehdp vsdfh0fkdujh jhwv wr eh qhxwudol}hg/ wklv hqhuj| ehfrphv iuhh hqhuj|1 Wkh

vlpxodwlrqv lqglfdwh wkdw sduw ri lw lv wudqviruphg lqwr ehdp lrq whpshudwxuh/

lrq ehdp ghirupdwlrq +wkhvh wzr h�hfwv fdxvlqj ehdp hplwwdqfh jurzwk, dqg

hohfwurq whpshudwxuh +wklv h�hfw uhvxowlqj lq lqfrpsohwh ehdp vsdfh0fkdujh qhx0

wudol}dwlrq,1

� Shufhqwdjh ri sduwlfohv lq d jlyhq udglxv

Vwloo xvlqj q ��� @7 dqg q � � @8/ zh prghohg fkdpehu wudqvsruw ri dq lqlwldo

815fp udglxv d{lv|pphwulf ehdp/ zlwk ESLF lq prghv U]/ U dqg [\1 Rq

Ilj16/ zh glvsod| wkh plqlpxp udglxv lq zklfk d jlyhq shufhqwdjh ri wkh ehdp

sdvvhg wkurxjk1 Wkh uhvxowv duh vkrzq lq wkh fdvh ri shuyhdqfh wxuqhg r�

+i@4, ru rq +rwkhuv,1 Zh revhuyh wkdw wkh uhvxowv duh yhu| forvh wr hdfk rwkhu
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zkdwhyhu wkh fkrvhq jhrphwulfdo prgh ri fdofxodwlrq/ jlylqj vrph frq�ghqfh

lq wkh volfh prgh prgho dqg furvv0fkhfnlqj wkh hohfwurpdjqhwlf vroyhuv/ ehlqj

gl�huhqw ehwzhhq wkh d{lv|pphwulf U prgh dqg wkh Fduwhvldq [\ prgh1 Lq

wkh [\ prgh/ zh duh qrw uhvwulfwhg wr d{lv|pphwulf ehdpv dqg zh kdyh dovr

shuiruphg d fdofxodwlrq zkhuh wkh 815fp udglxv d{lv|pphwulf ehdp kdv ehhq

glylghg lqwr irxu 519fp d{lv|pphwulf ehdpv zlwk hdfk dq r�vhw ri 	815fp +lq

[ dqg \, vr wkdw wkh| iruphg d uhjxodu fhqwhuhg duud|1 Dv h{shfwhg gxh wr d

odujhu lqlwldo wudqvyhuvh nlqhwlf hqhuj| iru wkh ehdp lrqv/ wkh plqlpxp udglxv

kdv ehhq uhgxfhg frpsduhg wr wkh 815fp xqltxh d{lv|pphwulf ehdp1 Wklv

vkrzv wkdw irfxvlqj ehdp duud|v +hqylvlrqhg iru rwkhu uhdvrqv, pd| hyhqwxdoo|

khos wr uhgxfh wkh vsrw vl}h1 Dqrwkhu zd| ri uhgxflqj lw lv wr surylgh pruh

qhxwudol}lqj hohfwurqv e| suhlrql}lqj wkh edfnjurxqg jdv1 Vwloo rq Ilj16/ lw lv

vkrzq wkdw suhlrql}lqj 314( ri wkh Ioleh jdv +fdvh odehoohg 314(, khosv wr irfxv

d 8151fp d{lv|pphwulf ehdp rq d 6pp vsrw1

7 Frqfoxvlrq

Zh kdyh ghyhorshg vhyhudo wrrov doorzlqj wkh prgholqj ri �qdo wudqvsruw lq

wkh fkdpehu zlwk irxu ohyho ri ghvfulswlrq= d vlqjoh hqyhorsh prgho +EHQY,/ d

pxowl0hqyhorsh prgho +EPHQY,/ d volfh SLF prgho +ESLF lq U dqg [\ prghv,

dqg d ixoo SLF ghvfulswlrq +ESLF lq U] dqg [\] prghv,1 Xvlqj wkhvh wrrov/ zh

kdyh vkrzq wkdw wkh hplwwdqfh kdv wr eh frqvhuyhg kdv pxfk dv srvvleoh lq wkh

fkdpehu dqg wkdw xqghu vrph uhdvrqdeoh frqglwlrqv/ lw pd| qrw1 Zh kdyh dovr

shuiruphg d sdudphwulf vwxg| ri wkh plqlpxp udglxv yhuvxv wkh jdv lrql}dwlrq

dqg ehdp vwulsslqj furvv0vhfwlrqv zklfk lqglfdwh/ frxsohg zlwk wkh dqdo|vlv ri
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hqyhorshv vqdsvkrwv dqg fkrvhq txdqwlwlhv klvwrulhv/ wkdw hplwwdqfh jurzwk dqg

vsdfh0fkdujh qhxwudol}dwlrq uhgxfwlrq wr hohfwurq khdwlqj sod| d nh| uroh lq sxuh

edoolvwlf wudqvsruw wkurxjk Ioleh1 Ilqdoo|/ lw zdv vkrzq wkdw irfxvlqj d ehdp

duud| ru suhlrql}lqj wkh Ioleh jdv pd| khos lq wkh uhgxfwlrq ri wkh irfdo vsrw1

Uhihuhqfhv

^4` P1 Uhlvhu/ �Wkhru| dqg Ghvljq ri Fkdujhg Sduwlfohv Ehdpv�/ 4<<7/ Mrkq

Zloh| dqg Vrqv> Lqf1

^5` M10O1 Yd| dqg F1 Ghxwvfk/ D wkuhh0glphqvlrqdo hohfwurpdjqhwlf sduwlfoh0lq0

fhoo frgh wr vlpxodwh khdy| lrq ehdp sursdjdwlrq lq wkh uhdfwlrq fkdpehu/

Ixv1 Hqj1 Ghv1/ 65066/ 79: +4<<9,1

^6` V1 Pderqj/ Sk1G1 Wkhvlv/ Xqlyhuvlw| Sdulv0[L/ Ruvd|/ Iudqfh/ +4<<9,1

^7` M10O1 Yd| dqg F1 Ghxwvfk/ Fkdujhg frpshqvdwhg lrq ehdp sursdjdwlrq lq

d uhdfwru vl}hg fkdpehu/ Sk|v1 ri Sodvpd/ 8/ 44<3 +4<<;,1
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Iljxuh 4= d, EPHQY= plq1 udglxv yhuvxv furvv0vhfwlrqv +% @ frqvw/
U ����� � @31,/ e, ESLF0U]= plq1 udglxv yhuvxv furvv0vhfwlrqv/ f, ESLF0U]= <8(
hqyhorshv vqdsvkrw/ g, EPHQY= plq1 udglxv yhuvxv furvv0vhfwlrqv +% @ udps/
U ����� � @41fp,
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Iljxuh 5= d, ehdp UPV udglxv klvwru| +ESLF0U],/ e, ehdp UPV hplwwdqfh
klvwru| +ESLF0U],/ f, lrq ehdp whpshudwxuh klvwru| +ESLF0U],/ g, hohfwurq
whpshudwxuh klvwru| +ESLF0U],1 Vrph ri wkhvh uhvxowv zhuh dovr sxeolvkhg lq
^7`1
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Iljxuh 6= Plqlpxp irfxvlqj udglxv dv d ixqfwlrq ri d jlyhq qxpehu ri lqqhu
sduwlfohv1 Irxu fdofxodwlrqv duh glvsod|hg zlwkrxw shuyhdqfh +i@4, dqg zlwk
shuyhdqfh lq gl�huhqw jhrphwulhv +U/ [\/ U], hlwkhu iru d xqltxh ehdp +40
ehdp, ru iru dq duud| ri irxu ehdpv +70ehdp,1
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